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Abstract

The National Ignition Facility is operational at LLNL. The ICF and HED programs at LLNL have formed diagnostic
research and development groups to institute improvements outside the charter of core diagnostics. We will present data
from instrumentation being developed. A major portion of our work is improvements to detectors and readout systems. We
have efforts related to CCD device development. Work has been done in collaboration with the University of Arizona to
back thin a large format CCD device. We have developed in collaboration with a commercial vendor a large format,
compact CCD system. We have coupled large format CCD systems to our optical and x-ray streak cameras leading to
improvements in resolution and dynamic range. We will discuss gate-width and uniformity improvements to MCP-based
framing cameras. We will present data from single shot data link work and discuss technology aimed at improvements of

dynamic range for high-speed transient measurements from remote locations

1. Introduction

Experiments conducted at the National Ignition Facility (NIF) require improvements to current instrumentation
technology. Our work has focused in the area of two dimensional readout systems, streak camera systems, data
transmission, optical calibration systems and x-ray framing cameras. Work described has been incorporated or will be
integrated into diagnostic systems at NIF. Some of the systems described are deployed on instrumentation at the facility.

I1. OPTICAL STREAK CAMERA SYSTEMS

The ICF/HED programs at Livermore have a need for a large inventory of optical streak cameras. These systems will
be utilized in many diagnostic systems on NIF and other facilities. In February of 2002 a system design requirements
(SDR) document was finalized, and peer reviewed.' This document gives the detail requirements for these optical streak

camera systems. The requirements are similar to those of other streak camera systems with the exception that there is a
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need for better spatial resolution than available in commercial camera systems. This instrument will include remote
monitoring, remote control, dry run capability, and modern components to increase functionality and reliability.

We have spent several years evaluating components and commercial optical streak camera systems to meet the system
design requirements. In this investigation we found that none of the commercial camera systems would meet all the system

design requirements simultaneously. There are two areas the commercial cameras we have evaluated can’t meet the NIF

specification. The number of resolution elements in the special direction and the dynamic range. The commercial off the

shelf parts (COTS) that we evaluated will meet the streak camera requirement; there is no commercialization of them into
camera systems. Figure 1 shows the contrast transfer ratio of the Photonis P510 tube coupled to an E2V 2k x 2k back

thinned CCD device, readout by a Spectral Instruments Series 800 camera system. With this contrast transfer function we

measure and the field of view; we can meet the required 480-resolution element requirement for the NIF optical streak

camera system. Over the last year we have worked with the LLE to design, build and test a compact system based on LLE
original design®. This new system meets the NIF SDR for the optical streak cameras. A first article streak camera was

tested and the results are published in a companion paper in this proceeding’. Over the next year LLNL and Laboratory for

Laser Energetics (LLE) will be working to complete the input optics module and automated calibration system. When the
integrated system (streak tube and readout, Input optics and calibration unit) is complete this optical streak camera system

will be like operating a modern oscilloscope.
II1. Framing cameras

The ICF/HED programs at LLNL have for many years pursued work on ultra-high speed single line of sight framing
cameras. Work on a vacuum tube version of this concept has matured to a useable device. It works by splitting the electron
beam at the Fourier plane in the image tube much like a beam splitter in an optical system.* A companion paper describes
the detail of the improvement from last reporting on this device.’

An additional single line of sight device is being developed under contract by MIT Lincoln labs. It is a follow on
project from earlier work at LANL for the DAHRT® project in which they use a CMOS device with super pixels. Each
super pixel is comprised of 4 smaller pixels. Each smaller pixel is gated at a different time relative to the event of interest.
Our work focuses on improving the integration time from 50ns to 0.1ns — Ins. We are also developing a new x-ray framing
camera detection technique based on optical measurement of the effects of x-ray absorption and electron hole pair creation
in a direct band-gap semiconductor. The electron-hole pairs create a frequency dependent shift in optical refractive index

and absorption. This is sensed by simultaneously directing an optical probe beam through the same volume of semi-
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conducting medium that has experienced an x ray induced modulation in the electron-hole population. If the wavelength of
the optical probe beam is close to the semiconductor band-edge, the optical probe will be modulated significantly in phase
and amplitude.

We have successfully demonstrated’ the viability of this approach for x-ray detection in the 10keV regime. Our
results thus far indicate that the technique should be capable of nearly single x ray photon sensitivity while having
excellent (sub-picosecond) temporal response. A companion in these proceedings presents a progress report on our

development of imaging pixels with this optical-based x-ray detection technique.
IV. Two-dimensional readout systems

The ICF and HED programs at LLNL have utilized film as the media of choice for recording the output of framing
cameras® and x-ray streak cameras’ for many applications. Many of these systems are built utilizing 40mm image
intensifier tubes. Typical outputs utilized 35mm rolled or 100mm by 125mm film plates of Kodak 2484 or TMAX 3200
film. Systems that utilized CCD’s were limited. The goal of this work is to replace film based systems with electronic
readouts in all possible instrumentation on the NIF. We have broken the readout problem into two parts: the sensors and
the electronics to support the sensors.

The CCD sensors need to cover three major wavelengths or energies: 400nm-680nm (optical), 100eV-100keV (x-ray)
and 3keV-13keV (electron) recording. Optical recording for our applications is typically to record the output of phosphor
screens. Electron recording is for streak and framing camera applications. The spectral coverage requirements for x-rays
are broad, from vacuum ultraviolet to x-ray energies similar to those used for medical application. Several criteria were
used to choose a suitable device for meeting these applications.

The devices had to be capable of direct one to one coupling of a typical 35’mm output, a pixel size in the range of 15
um, be readily available and reasonably priced. There are few selections for such devices at reasonable cost. The sensor we
have based our development around is the Kodak KAF 16800(4k x 4k, 9um pixel) 36.88’mm family of devices.

Under contract and in collaboration with the University of Arizona'® we have back-thinned devices obtained from
Kodak'' to improve their sensitivity for all applications. The devices were purchased in wafer form to allow for handling
and processing. The devices are packaged to be pin for pin compatible with standard front illuminated Kodak 16800-
product family. Each application requires specific backside processing to enhance device quantum efficiency. We have

devices that are interchangeable and are operated by a common electronics system.
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Our work related to optical wavelength enhancement of the KAF 16800 is to increase the open area ratio of the device
and provide improved AR coatings at fiber-optic and phosphor screen interfaces. Typical front-side illuminated sensors
that we have utilized have quantum efficiencies that range from 15% to 40% depending on the wavelength of operation and
gate structures on the device. Figure 2 shows the quantum efficiency the optically enhanced device of 75% at 540nm. All

of the devices built to date exhibit charge transfer efficiencies typical of scientific grade devices (.999998). The next step

in this area of work is to bond a device to a large fiber bundle and measure the quantum efficiency of the bonded devices.
Two devices were fabricated for use as soft x-ray detectors. The passivation of the backside surface is the critical
process that allows for enhanced Qe to low energy x-rays. Through careful work we have optimized the passivation
mechanism to reduce absorption of soft x-rays (<lkeV). Figure 3 shows the quantum efficiency of the x —ray device from
200ev to 6keV x-rays. The high-end cutoff is due to the finite silicon thickness of ~10pum.
Fe-55 analysis yielded horizontal clock transfer efficiency of 0.999996 and vertical clock transfer efficiency of

0.999998, with a read noise of 6.9 electrons at a system gain of 0.6 electrons per analog digital unit (¢/ADU) and a rate of

40 kHz. At 0.5 MHz, the chip was read at gain of 0.6 ¢/ADU with read noise of ~ 9 electrons, and at | MHz the system
gain was 2 with read noise of ~11 electrons. At an operating temperature of -40 deg C, the dark current was measured
below 0.02 electrons/pixel/second.

The device can also be utilized as an electron sensitive detector. 10-15keV electrons have a shallow penetration range
(< 2um). Figure 4 is the output of modeling that demonstrates the electron range and the distribution within the silicon
matrix.

However, the device as built creates an excessive number of electron-hole pairs in the CCD per incident 10- 15keV
accelerated photoelectron, reducing dynamic range. We have demonstrated by applying a ~1000 A layer of aluminum we
can reduce the photoelectron energy deposited within the field region of the CCD, enhancing dynamic range. An additional
benefit from the aluminum layer is the device becomes solar blind hence light tight filtering is not required. This device is

well matched to our streak camera applications.

The Kodak device previously described will not cover the x-ray applications above SkeV with good quantum
efficiencies as shown in figure 2. Work this past year was started to develop imaging sensors with better sensitivity to x-
rays in the 6keV — 100keV range. Figure 5 shows the sensitivities of each of the fundamental materials we have used for

devices. Three approaches are being pursued including CdTe pixilated devices, fully depleted thick CCD devices and
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CCD’s with scintillators. The CdTe device is a commercial system built by Ajat Oy Ltd of Finland. The fully depleted

device was built by Lawrence Berkley Labs'? as an Infrared detector. The device is 300 micron thick silicon, making it
very useful for high-energy x-ray application. We will complete testing over the next year on this device. The final detector
system is a large area scintillator grown on a fiber faceplate that is then bonded to a backthinned E2V larger format CCD.
This detection system is optimized for low and mid band x-rays. Work from the CdTe and CCD with scintillators is
described in two companion papers in this proceeding.13

V. Model S11000 CCD camera

Under an LLNL contract with Spectral Instruments'* we have developed a compact network addressable scientific
grade CCD electronics support system. Figure 6 shows the system including the camera head with Kodak CCD, controller
and power supply. In order to maximize the use of the controller an analog and digital input/output option in the camera
controller permits control of both the camera head and other diagnostic functions via a single Ethernet link. The Series
1000 camera design is based on Spectral Instruments Series 800 camera. A PC104+ controller and the DC power supply
have been added. Communication between the controller and the NIF network is by the fiber optic Ethernet and the link
between the controller and camera head is also via fiber optic. This configuration should reduce electromagnetic pulse and
electromagnetic interference problems. A companion paper detailing the performance of this system is presented in these
proceedings®’.

VII. ANALOG DATA LINKS

The National Ignition Facility at Lawrence Livermore National Laboratory requires high-bandwidth and high-dynamic

range data transmission of diode signals from the target chamber area to diagnostic recording equipment at a distance of

approximately 150 feet. The diode signals have both high and low frequency components to them, making it very import to

have a system that can handle broadband signals from 10mhz to several GHz without distortion. Figure 7 shows a step

response demonstrating the use of a customized fiber optic link couple to a SCD5000 analog digitizer. In a companion'

we descried the results of an evaluation of both commercial fiber-optic analog data links and custom links made from

COTS components.
The systems need to pass short pulse signals with high fidelity, requiring a broad bandwidth frequency response that is
flat in amplitude and has a linear phase response over ten’s of ns. We have found that none of the commercial system

tested would meet our needs. The system built by combining the best parts from various systems gave us the best results.
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Figure 1 Streak camera system Contrast Transfer Ration

Figure 2 Measured optical quantum efficiency of the backthinned KAF16800 optical device

Figure 3 Measured and Theoretical x-ray quantum efficiency for the KAF16800 x-ray device

Figure 4 Modeling show the computed paths of 100 electrons in a silicon matrix with 10keV impact energy
Figure 5 Sensitivities of each of the fundamental materials being tested

Figure 6 Spectral Instruments compact CCD head, power supply and controller

Figure 7 Comparison of a step response with and without optical link
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